Abstract. An approach to management of semi-structured scientific research process on the basis of dynamic cognitive map is considered. The approach takes into account interconnections of factors that influence innovative activity and is based on analysis of the following measurable parameters: research activity, innovative activity by branches of industry (applied research), number of developments (applications), demand for technology, geographical spreading, and potential efficiency of innovation.
area or within bounds of only one technology does not worth it. Researchers should keep track of new technologies appearance and improvements in competing areas.
Methods of scientific and technical work and technology forecasting, when used together, allow to discover areas that are already at the border of a new phase of development and also to make an analysis of possible alternatives and solutions. Consequently this can force appearance of new practice-oriented solutions and of innovations in the result of implementation.
Methodology of modelling of dynamic situations with the help of subjective models (cognitive maps)
For «soft» systems analysis P. Checkland [4] suggested methodology of «soft» system analysis, which represents system-oriented guidance that helps analytics to manage with analysis of complex situations. Task of decision making supporting in controlling «soft» dynamic situation is a task of developing a strategy to move situation from current condition into a goal condition on basis of subjective model of situation. This subjective model includes expert-estimated values of factors and model of functional structure, which describes known to analytic law of variation and principles of observed situation. This subjective model is represented as a directed graph, which is called cognitive map [3] .
Building a Cognitive Map
This stage consists in picking out the set of describing situation factors and determining cause-and-effect relations among them. This expert procedure depends much on expert's knowledge and preferences.
Cognitive map (O, W) is determined by set of factor nodes of situation O and adjacency matrix of directed graph
Scientific significance, advancement of scientific projects, and expected results can be estimated with formal methods on the stage of innovative project development. Formally economical mathematical model can be described with measurable parameters.
From the analysis considering economical mathematical model of innovation project [5] it can be concluded that factors represented in table 1 should be selected. -Number of applications for the grant of a patent in Russia [12] [13] [14] [15] [16] [17] [18] [19] . (O1).
-Number of applications for the grant of a patent in Russia, which were submitted by Russian applicants [12] [13] [14] [15] [16] [17] [18] [19] . (O2). -Number of applications for the grant of a patent in Russia, which were submitted by foreign applicants [12] [13] [14] [15] [16] [17] [18] [19] . (O8). Approach based on cognitive maps is used to describe interconnections among factors. Then the parameters, which are the nodes of cognitive map and degrees of their interactions, are accounted with edges (figure 1). Normalization of input data is a process, in which all input data are leveled, that is a reduction to interval [0, 1] is done.
Without normalization values of «R&D financing» factor will have significantly greater influence to a target factor than values of «citation index» factor. After normalization dimensions of all input and output data are reunited.
General view of normalization formula: 
Thereby cognitive map (O, W) is described with set of situation factors-nodes O and adjacency matrix of directed graph
Cognitive map nodes are considered as neurons in neural networks and described with function Oi. It is done in order to minimize error accumulation in the result of expert estimations. As function Oi the following recurrent formula can be used [8]:
For determining weighting coefficients values wij the equations for eight nodes are transformed into the view of the following formula:
As there are three unknown quantities in the equation for the node O2, it is necessary to write down weighting coefficients equation three times for different time points (t and t-1) , (t-1 and t-2) and (t-2 and t-3), which are shifted on one time point from each other. For nodes O1 and O6 equations are written in the same way. In result we have eleven equations for twelve unknown variables. These combined equations are presented by the following formula: 
o t o t o t w o t o t o t w o t o t o t w o t o t o t w o t w o t o t o t w o t w o t o t
In order to solve the combined equations a Gauss method can be used: 
Application of cognitive modeling for technological forecasting
Suggested model on the basis of cognitive map allows to get forecast for one forward step. Statistical data for three previous iterations are sufficient for calculating factors values by analytical method with formula (3).
In order to make strategic forecast we need to know law of model coefficients variation. New model coefficients values can be calculated when new statistical data for factors appears and dynamics can be analyzed. If we know law of variation, weighting coefficients values can be extrapolated and we can make forecast for several forward steps.
We suggest that weighting coefficients changing can be described with linear regression model represented by the following formula:
For each weighting coefficient of cognitive map we develop linear regression models on the basis of three and four previous iterations. Regression model coefficients are calculated with leastsquares method.
We can judge about model adequacy by determining the size of error [10] . We denote the experimental function by YE , theoretical function by YT and number of experimental points by n. The hypothesis can be accepted, if conditions are fulfilled: 68 % of experimental points and more should be in interval ( )
and 95 % of points should be in interval ( )
If not we should suggest a more complex hypothesis. Value σ can be calculated with the following formula:
For each weighting coefficient of cognitive map we developed models on the basis of three previous iterations and value for the fourth iteration was forecasted. Then we developed models on the basis of four previous iterations and value for the fifths iteration was forecasted. Real coefficient values, regression models built on the basis of three and four previous iterations and forecasted values are presented in figure 2 .
By the models presented in figure 2 we can judge that weighting coefficients models become more accurate, when new statistical data appear.
But evidently not all coefficient values can be described with linear regression models. We can make hypotheses more complex and describe coefficients with polynomials of second and third degree: First of all, little amount of statistical data significantly influences mathematical formulation even by marginal changes. There by local character, but not global tendencies can be accounted. Increase of statistical data amount or separation of noisy data can solve this problem.
Secondly, when calculating by analytical method the model accounts many influencing each other factors, and errors of estimation, related to values rounding and errors in statistics gathering, accumulate.
When developing regression models, analytical data are used and there is probability of large generalization errors, which is conditional on analytical weighting coefficients calculation method itself and connected with possibility of error accumulation.
Thereby there is a problem of separation statistical data, which bring statistical errors. Separation can be done by calculating the confidence intervals. When developing extrapolation function, according to normal distribution law 68 % of data points should be situated in interval σ, 95 % of data points in interval 2σ and 99 % of data points in interval 3σ. Economic and socio-economic systems are described with fractal regularities, which are reflected in self-similarity of system elements. So deviation of valid data from previous values should be in interval σ, when using two previous valid data points' values.
Results of calculations of forecast values are presented in table 4. 
Conclusions
The suggested forecast model on the basis of dynamic cognitive map can be used in controlling the process of scientific research and development. Dynamic cognitive map can be used as information support in the process of managing of scientific research guidelines and making analysis of considered technology application field and its geographical spreading.
Parameters dynamics monitoring facilitates successful innovative activity controlling [22] . The suggested dynamic cognitive map forecast model can be used in controlling the process of scientific research and development. Dynamic cognitive map can be used as information support in controlling research guidelines and analysis of considered technology application fields and geographical spreading.
Considered approach can be used for conceptual analysis and modeling of complex and illdefined political, economic and social situations, developing strategies of business development, and also for continuous situation state monitoring and verifying hypotheses about situation development and control mechanism [87] . It is important that your conclusion provides a summary of the achievements, further work needed and recommendations.
